Background: Obstructive sleep apnea (OSA) is a highly prevalent, but underdiagnosed and undertreated disorder. There is a need for simple but accurate tool for early detection of patients based on their clinical symptoms and physical findings into high-or low-risk group and give information for urgent polysomnography (PSG) and further treatment to prevent serious consequences. Epworth Sleepiness Score (ESS) and Berlin Questionnaire (BQ) are the most popular and widely acceptable instruments for identification of high-risk patients of OSA. The aim of our study was to compare these two established and well-known sleep questionnaires regarding their ability to find out the probable cases of OSA in Indian scenario. Methods: This cross-sectional study was conducted at a tertiary care center on 72 adult patients with symptoms of sleep-related breathing disorders. All patients were asked to fill both ESS and BQ questionnaires. Subsequently, all patients were subjected to level-1 PSG. For each patient, the Apnea-hypopnoea index was calculated to assess the diagnosis and severity of OSA and to further compare the ESS and BQ questionnaires for their sensitivity (SN) in OSA patients. Results: A total of 14 (19.4%) patients were diagnosed as OSA by ESS while by BQ, 32 (44.4%) patients were diagnosed as having OSA with SN of 31% and 71.11%, respectively (P = 0.00004). The positive predictive value was 82.3% and 88.8% for ESS and BQ, respectively, with a negative predictive value of 43.6% by ESS and 63.8% by BQ questionnaires. Conclusion: ESS is a less sensitive diagnostic tool for early detection of high-risk patients of OSA in general population. BQ is a valid, reliable, and more sensitive parameter to screen patients for OSA and may help in improving the quality of life in such patients with proper OSA management. Dixit, et al.: Comparison of ESS and BQ as a screening tool for OSA
IntroductIon
Obstructive sleep apnea (OSA) is a common sleep disorder characterized by repeated episodes of upper airway collapse that results in brief periods of breathing cessation (apnea) or a marked reduction in airflow (hypopnea) during sleep. [1] This condition is associated with loud snoring, oxygen desaturation, and frequent arousal from sleep. These effects are reflected as impaired concentration during day time, increased incidence of accidents, and poor quality of life. [2] The global prevalence of OSA in males is 2%-4%, while in females, it is 1%-2%. [3] In Indian scenario, the prevalence of OSA is similar at 2.4%-4.9% in males and 1%-2% in females. [4] The gold standard test for diagnosis of OSA is Level 1 polysomnography (PSG). However, the occurrence of OSA is more prevalent than the availability of sleep laboratory. It is a time-consuming and expensive procedure also. Therefore, the evaluation of screening tool becomes necessary to classify patients based on their clinical symptoms, physical findings, risk factors, and comorbid illness into high-or low-risk group and gives an idea about an urgent need for PSG and further treatment.
A number of screening questionnaires and clinical screening models have been developed to help identify patients with OSA. Among them, Epworth Sleepiness Score (ESS) [5] and Berlin Questionnaire (BQ) [6] are the most popular and widely used sleep questionnaires. ESS, created by Murray Johns in 1990, is a validated self-administrated, 8-item questionnaire that measures subjective day-time sleepiness. The BQ was developed in 1996 at the Conference on Sleep in Primary Care in Berlin, Germany. It is a validated instrument that is used to identify individuals who are at risk for OSA in primary and some nonprimary care settings.
Although these questionnaires were developed many years ago, their validity to screen out patients for OSA is Effectious. Every questionnaire has its own advantages and disadvantages. The aim of this study was to compare these two established and well-known sleep questionnaires regarding their ability to detect probable cases of OSA in the Indian scenario.
methodS
This was a cross-sectional study conducted on adult patients presenting with signs, symptoms, and history suggestive of OSA and willing to participate in the study. Institutional ethical committee's approval was obtained. The enrolled patients were assessed by detailed clinical history, vital parameters including blood pressure (BP), clinical assessment for OSA based on day-night symptoms, and anthropometric measurements such as body mass index (BMI).
BMI was calculated using the following formula: 
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A BMI of 18.5-24.9 was considered normal, 25-29.9 as overweight, and 30-34.9 as obese. The patients were asked to fill both the ESS and BQ questionnaires.
Epworth Sleepiness score
The ESS is a self-administered questionnaire with eight questions. It measures the general level of day-time sleepiness in a given person.
In this test, patients are asked to rate, on a 4-point scale (0-3), their usual chances of dozing off or falling asleep in eight different situations or activities that are experienced by most patients in their daily routine work. This basically needs a mental judgment by the study participant. The total ESS score is the sum of 8 scores that can range between 0 and 24; scores >10 are usually associated with excessive day-time sleepiness and are considered to be at high risk for OSA. [5] The total ESS score provides an estimate of a general characteristic of each participant and his/her average level of sleepiness in daily activities. It is not a diagnostic tool in itself but very useful to measure sleep-wake health status of an individual. There are other subjective and objective methods also for measuring the overall sleepiness, but the ESS has an edge over others in view of its cost-effectiveness and is a very simple tool to administer with large numbers of participants.
Berlin Questionnaire
In this questionnaire, there are ten questions separated into three categories. The first category comprises five questions related to snoring, witnessed apneas, and the frequency of such events. The second category comprises three questions that address the day-time sleepiness. The last one and third category comprises two questions regarding the history of high BP (>140/90 mmHg) and BMI of > 30 kg/m 2 . The overall BQ results are based on the response from these three categories. Categories 1 and 2 are considered to be positive if there are >2 positive responses to each category, while category 3 is considered positive when there is self-reporting of high BP and/or a BMI of >30 kg/m 2 . The study participants are scored as being at "high risk" of having OSA if scores are positive for two or more of these three categories. Participants positive for <2 categories are considered as "low risk" for OSA. [6] All the enrolled patients were subjected to the overnight PSG (Level 1) at sleep laboratory of our department using Based on the AHI, the OSA was classified as following: OSA = AHI >5/h and non-OSA = AHI <5/h.
Statistical analysis
The data were entered using Microsoft Excel sheet. Data of different groups were compared using Chi-square test and P < 0.05 was considered statistically significant. The diagnostic accuracy, specificity (SP), sensitivity (SN), negative predictive value (NPV), and positive predictive value (PPV) were also calculated.
reSultS
A total of 72 patients constituted the study population. Most of the patients (78%) were between the age group of 30 and 60 years. The mean age of patients was 48.16 years. the difference between the two groups was statistically very significant (P = 0.00004). The number of false-negative (SP) patients diagnosed by ESS was 31 (68.88%), which was more compared with that of BQ (n = 13, 28.88%) [ Table 1 ]. Table 2 shows different AHI values in patients having OSA and their comparison with ESS. ESS >10 was observed in 23.6% cases and <10 in 76.3% cases. The correlation between different AHI values and ESS values in the two groups (ESS <10 and >10) was compatible for mild and severe OSA cases than those with moderate OSA. However, this difference was statistically not significant (P = 0.06). Table 3 shows an overall significant relationship between high-risk cases as per BQ with AHI value (P = 0.00004).
In the present study, SN of ESS was 31.1% and SP was 88.8% while SN of BQ was 71.1% and SP was 85%. The PPV was 82.3% and 88.8% for ESS and BQ, respectively, with a NPV of 43.6% by ESS and 63.8% by BQ.
dIScuSSIon
In this study, we compared two most commonly used standard screening tools, i.e., ESS and BQ, to diagnose OSA in a rapid and most simple way. These questionnaires were proposed among the study patients and scores were evaluated against the PSG-based AHI values, which is a gold standard for the diagnosis of OSA.
Fourteen patients (31%) were diagnosed as OSA by ESS and 32 patients (71.1%) by BQ in the present study. A study on 55 patients conducted by Madhavan et al. [7] found 35 (63.63%) OSA cases by ESS and 47 (85.45%) OSA cases by BQ, with a SN of 67.2% by ESS and 89% by BQ for the diagnosis of OSA. In another study on 100 patients by Khaledi-Paveh et al. [8] in 2015, 65 patients were at "high risk" for OSA with SN of 77.3% by BQ. In larger group studies on 234 patients by Hassan [9] in 2012, four sleep questionnaires were compared and it was found that the resultant SN of ESS was 72.55% and that of BQ was 95.07%. Gus et al., [10] Kiciński et al., [11] and Chiu et al. [12] also observed similar results. In a study on chronic obstructive pulmonary disease (COPD) patients by Faria et al., [13] 15.4% patients had a high probability of OSA by Sleep Apnea Clinical Score, 32.5% patients had a high probability by BQ and 40.7% patients had excessive diurnal somnolence by ESS. According to this study, BQ and ESS did not accurately predict OSA in COPD patients of the study population. The variation that occurred in ESS and BQ in this study was due to the fact that, all patients were nonobese and some of them were having more severe form of disease which is often associated with malnutrition.
Our study demonstrates that ESS had low SN to predict OSA. Also, the numbers of false negatives with ESS were >2 times than BQ (31 vs. 13; 68.88% vs. 28.88%). This may be possibly due to the fact that ESS is a subjective test and totally dependent on patient's history. It only measures excessive day-time sleepiness of patients which can occur commonly in obese individuals even without OSA and driven by mechanisms other than night-time sleep deprivation. Moreover, Osman et al. had previously demonstrated that ESS is of no value to differentiate between OSA and simple snorers. [14] It is also to be noted that, although globally accepted, some ESS components may not be applicable to all regions, especially in developing countries where modification may be needed to suit the purpose in view of local conditions. In comparison to ESS, BQ is an objective test, serving it a more diagnostic, valuable, and sensitive parameter for OSA. It includes BP and BMI, which are important risk factors for OSA. Since obesity is a direct risk factor for the development of OSA and is unrelated to patient's own assessment, BQ becomes a more important and superior tool.
concluSIon
We conclude with a remark that ESS is a less sensitive and poor predictor tool for diagnosis of OSA as comparison to B.Q. More false-negative results occur with ESS that may lead to increased pool of OSA patients with comorbidities and poor quality of sleep as well as poor quality of life in a significant number of patients. BQ is more sensitive and has predictive parameters for picking up OSA, especially the so-called "occult cases" of OSA and may help in improving the quality of life in such patients with proper OSA management.
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